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We report the observation of the bottom, doubly-strangebaryonΩ �
b throughthe decaychain

Ω �
b
� J

�
ψ Ω �

, whereJ
�
ψ � µ � µ � , Ω � � ΛK

�
, andΛ � pπ � , using4.2 fb

� 1 of datafrom

pp̄ collisionsat � s � 1 � 96 TeV, andrecordedwith the Collider Detectorat Fermilab. A signal

is observed whoseprobability of arising from a backgroundfluctuation is 4 � 0 	 10
� 8, or 5.5

Gaussianstandarddeviations. The Ω �
b massis measuredto be 6054� 4 
 6 � 8 � stat.�
 0 � 9 � syst.�

MeV/c2. The lifetime of the Ω �
b baryonis measuredto be 1 � 13� 0 � 53� 0 � 40 � stat.�
 0 � 02� syst.� ps. In

addition,for the Ξ �b baryonwe measurea massof 5790� 9 
 2 � 6 � stat.��
 0 � 8 � syst.� MeV/c2 and

a lifetime of 1 � 56� 0 � 27� 0 � 25 � stat.��
 0 � 02� syst.� ps. Under the assumptionthat the Ξ �b and Ω �
b are

producedwith similar kinematicdistributions to the Λ0
b baryon,we find

σ � Ξ �b ��� � Ξ �b � J � ψ Ξ � �
σ � Λ0

b ��� � Λ0
b � J � ψ Λ � �

0 � 167� 0 � 037� 0 � 025� stat.��
 0 � 012� syst.� and
σ � Ω �b ��� � Ω �b � J � ψ Ω � �

σ � Λ0
b ��� � Λ0

b � J � ψ Λ � � 0 � 045� 0 � 017� 0 � 012� stat.��
 0 � 004� syst.� for

baryonsproducedwith transversemomentumin therangeof 6 � 20 GeV/c.
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1. Introduction

In this paper, we reporttheobservation of a heavy baryonandthemeasurementof its mass,
lifetime, and relative productionrate comparedto the Λ0

b production[1]. The decayproperties
of this stateare consistentwith the weak decayof a b-baryon. We interpretour result as the
observationof theΩ �b baryon( � ssb � ).

This Ω �b observation is madein pp collisionsat a centerof massenergy of 1.96TeV using
theColliderDetectoratFermilab(CDFII), throughthedecaychainΩ �b � J  ψ Ω � , whereJ  ψ �
µ ! µ � , Ω � � ΛK � , and Λ � pπ � . Charge conjugatemodesare includedimplicitly. Mass,
lifetime, andproductionratemeasurementsarealsoreportedfor theΞ �b , throughthesimilardecay
chainΞ �b � J  ψ Ξ � , whereJ  ψ � µ ! µ � , Ξ � � Λπ � , andΛ � pπ � . Theproductionratesof
both the Ξ �b andΩ �b aremeasuredwith respectto the Λ0

b, which is observed throughthe decay
chainΛ0

b � J  ψ Λ, whereJ  ψ � µ ! µ � , andΛ � pπ � . Thesemeasurementsarebasedonadata
samplecorrespondingto anintegratedluminosityof 4.2fb � 1.

Thestrategy of theanalysispresentedhereis to demonstratethe reconstructionandproperty
measurementsof theΞ �b andΩ �b asnaturalextensionsof measurementsthatcanbemadeonbetter
known b " hadronstatesobtainedin thesamedata.All measurementsmadehereareperformedon
theB0 � J  ψ K

�$#
892% 0, K

�$#
892% 0 � K ! π � final state,to provide a largesamplefor comparison

to othermeasurements.The decaymodesB0 � J  ψ K0
s , K0

s � π ! π � andΛ0
b arealsousedas

referenceprocesses.

2. Particle Reconstruction Methods

The analysispresentedhereis basedon eventsrecordedwith a trigger that is dedicatedto
the collection of a J  ψ � µ ! µ � sample. The analysisof the databegins with a selectionof
well-measuredJ  ψ � µ ! µ � candidates.Thisdatasampleprovidesapproximately2 & 9 ' 107 J  ψ
candidates,measuredwith anaveragemassresolutionof ( 20 MeV/c2.

The reconstructionof K0
s , K

�$#
892% 0, andΛ candidatesusesall trackswith pT ) 0.4 GeV/c

thatarenotassociatedwith muonsin theJ  ψ reconstruction.Candidateselectionfor theseneutral
statesis baseduponthemasscalculatedfor eachoppositelychargedtrackpair, which is required
to fall within * 30, * 20,and * 9 MeV/c2 of thenominalmassfor theK

� #
892% 0, K0

s , andΛ, respec-
tively. Backgroundsto theK0

s andΛ arereducedby requiringtheflight distanceof theK0
s andΛ

with respectto theprimaryvertex to begreaterthan1.0cm. Approximately3 & 6 ' 106 Λ candidates
arefoundwith with pT

#
Λ % ) 2 & 0 GeV/c.

For eventsthatcontainaΛ candidate,theremainingtracksareassignedthepionor kaonmass,
andΛπ � or ΛK � combinationsareidentifiedthatareconsistentwith thedecayprocessΞ � � Λπ �
or Ω � � ΛK � . pT

#
K � % ) 1 & 0 GeV/c is requiredfor our Ω � sample,which reducesthecombina-

torial backgroundby 60%,while reducingtheΩ � signalpredictedby ourMonteCarlosimulation
by 25%. In addition,theflight distanceof theΛ candidateswith respectto thereconstructeddecay
vertex of theΞ � # Ω � % , andtheflight distancefrom theprimaryvertex of theΞ � andΩ � candidates
is requiredto exceed1.0cm. Kinematicreflectionsareremovedfrom theΩ � sampleby requiring
thatthecombinationsconsistentwith Ξ � decay, whenthecandidateK � trackis assignedthemass
of theπ � . Any ambiguitiesfor thepropertrackassignmentsof thehadronsareresolvedexamining
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theP
#
χ2 % of thevertex fits. Approximately41000 Ξ � and3500Ω � candidatesarefound in this

datasample.Λπ � or ΛK � combinationswithin * 9 and * 8 MeV/c2 of thenominalΞ � andΩ �
massesareselectedfor b-hadronreconstruction.

Thereconstructionof b-hadroncandidatesusesthesamemethodfor eachof thestatesrecon-
structedfor this analysis.The K andhyperoncandidatesarecombinedwith the J  ψ candidates
by fitting thefull four-trackor five-trackstatewith constraintsappropriatefor eachdecaytopology
and intermediatehadronstate. Specifically, the µ ! µ � massis constrainedto the nominalJ  ψ
mass[2], andtheneutralK or hyperoncandidateis constrainedto originatefrom theJ  ψ decay
vertex. In addition,thefits that includethechargedhyperonsconstrainthe Λ candidatetracksto
thenominalΛ mass[2], andtheΞ � andΩ � candidatesto their respective nominalmasses[2]. For
ourfinal sample,b-hadroncandidatesarerequiredto have pT ) 6.0GeV/c andtheneutralK or hy-
peronto have pT ) 2.0 GeV/c. Thepromptly-producedcombinatorialbackgroundis suppressed
by rejectingcandidateswith low properdecaytime, andspuriouscombinationsare rejectedby
placinga requirementon thefinal stateimpactwith respectto thebeamline.

Figure 1: Theinvariantmassdistributionsof (a) J
�
ψ Ξ � and(b) J

�
ψ Ω �

combinationsfor candidateswith
ct + 100µm. Theprojectionsof theunbinnedmassfit areindicatedby thedashedhistograms.

3. Observation of the Decay Ω ,b - J . ψ Ω ,
The J  ψ Ω � massdistribution with ct ) 100µm is shown in Fig. 1b. The significanceof

the structureseenin the J  ψ Ω � massdistribution is evaluatedwith a simultaneousfit to mass
andlifetime informationwhich is maximizedfor two differentconditions.Thefirst maximization
allows all parametersto vary in thefit. Thesecondcalculationfixesthesignalfractionto 0.0. The
valueof " 2ln / obtainedfor the null hypothesisis higherthanthe valueobtainedfor the fully
varying calculationby 37.3 units. We interpretthis asequivalent to a χ2 with threedegreesof
freedom,whichhasaprobabilityof occurrenceof 4 & 0 ' 10� 8, or a5 & 5σ fluctuation.Consequently,
we interpretthe J  ψ Ω � massdistributions shown in Fig. 1b to be the observation of a weakly
decayingresonance,with a width consistentwith thedetectorresolution.We treatthis resonance
asobservationof theΩ �b baryonthroughthedecayprocessΩ �b � J  ψ Ω � .

4. Ξ ,b and Ω ,b Property Measurements

To reducethebackgroundto b-hadronsdueto promptproduction,act ) 100µm requirement
is placedon all candidatesfor inclusionin themassmeasurements.Themassdistributionsof the
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candidatesareshown in Fig. 1, alongwith projectionsof thefit function.Theresultsof this fit are
listedin Table1. Systematicuncertaintiesfor theΞ �b andΩ �b massesarelargely drivenby our B0

massmeasurements,andareestimatedto be0.8and0.9MeV/c2, respectively.
Thelifetime of b-hadronsis measuredin this analysisby a techniquethatis insensitive to the

detailedlifetime characteristicsof the background.This allows a lifetime calculationto be per-
formedonarelatively smallsample,sincea largenumberof eventsis notneededfor abackground
modelto bedeveloped.Thedataarebinnedin ct, andthenumberof signalcandidatesin eachct
bin is comparedto thevaluethat is expectedfor a particlewith a given lifetime andmeasurement
resolution.Theestimatesof thesystematicuncertaintiesareobtainedfrom thetheB0 lifetime mea-
surements.Theresultsof thefits for the lifetimesof thebaryonsandreferencesamplesarelisted
in Table1.

A furthergoalof this analysisis to measuretheproductionratesof the Ξ �b andΩ �b , relative
to themoreplentiful Λ0

b, wherewe measureratiosof crosssectiontimesbranchingfractions.The
acceptancesandefficienciesof the threebaryonsstatesareobtainedasa functionof pT from the
simulationof thedetector. Weusetheobserved pT distribution of Λ0

b productionto obtainthetotal
efficiency for theΞ �b andΩ �b states.Theyieldsof thebaryonsareobtainedfrom thelifetime fits,
andarelisted in Table1, alongwith our measurementsof therelative productionratesfor theΞ �b
andΩ �b .

Table 1: Propertiesobtainedfor b-hadrons.

Resonance Candidates Mass(MeV/c2) cτ (µm) σ 0
σ 1 Λ0

b 2 031 Λ0
b 4 J 5 ψ Λ 2

B0 # J  ψ K
�$#

892% 0 % 17520* 305 5279& 2 * 0 & 2 453 * 6 -
B0 # J  ψ K0

s % 9424* 167 5280& 2 * 0 & 2 448 * 7 -
Λ0

b 1934* 93 5620& 3 * 0 & 5 472 * 17 -
Ξ �b 66! 14

� 9 5790& 9 * 2 & 6 * 0 & 8 468! 82

� 74 * 0 & 06 0 & 167! 0 6 037

� 0 6 025 * 0 & 012
Ω �b 16! 6

� 4 6054& 4 * 6 & 8 * 0 & 9 340! 160

� 120 * 0 & 04 0 & 045! 0 6 017

� 0 6 012 * 0 & 004

5. Conclusions

In conclusion,wehaveuseddatacollectedwith theCDFII detectorat theTevatronto observe
asignalof 16! 6

� 4 Ω �b candidates,with asignificanceequivalentto 5 & 5σ whencombiningbothmass
andlifetime information. The mass,lifetime andrelative productionratesof the Ω �b andΞ �b are
measuredwith thebestlevel of precisionthathasbeenobtained.

References

[1] T. Aaltonenet al. (CDF Collaboration),arXiv:0905.3123(2009).

[2] C. Amsleret al. (ParticleDataGroup),Phys.Lett. B 667, 1 (2008).

4


